F08 — Least-squares and Eigenvalue Problems (LAPACK) FOSMDF

NAG Library Routine Document
FOSMDF (DBDSDC)

Note: before using this routine, please read the Users' Note for your implementation to check the interpretation of bold italicised terms
and other implementation-dependent details.

1 Purpose

FOSMDF (DBDSDC) computes the singular values and, optionally, the left and right singular vectors of
a real n by n (upper or lower) bidiagonal matrix B.

2 Specification

SUBROUTINE FO8MDF (UPLO, COMPQ, N, D, E, U, LDU, VT, LDVT, Q, IQ, WORK, &
IWORK, INFO)

INTEGER N, LDU, LDVT, IQ(*), IWORK(8*N), INFO
REAL (KIND=nag_wp) D(*), E(*), U(LDU,*), VT(LDVT,*), Q(*), WORK(*)
CHARACTER(1) UPLO, COMPQ

The routine may be called by its LAPACK name dbdsdc.

3 Description

FOSMDF (DBDSDC) computes the singular value decomposition (SVD) of the (upper or lower)
bidiagonal matrix B as

B=USV",
where S is a diagonal matrix with non-negative diagonal elements s; = s;, such that
S] 2822"'2571207

and U and V are orthogonal matrices. The diagonal elements of S are the singular values of B and the
columns of U and V are respectively the corresponding left and right singular vectors of B.

When only singular values are required the routine uses the QR algorithm, but when singular vectors
are required a divide and conquer method is used. The singular values can optionally be returned in
compact form, although currently no routine is available to apply U or V when stored in compact form.

4 References

Anderson E, Bai Z, Bischof C, Blackford S, Demmel J, Dongarra J J, Du Croz J J, Greenbaum A,
Hammarling S, McKenney A and Sorensen D (1999) LAPACK Users' Guide (3rd Edition) SIAM,
Philadelphia http://www.netlib.org/lapack/lug

Golub G H and Van Loan C F (1996) Matrix Computations (3rd Edition) Johns Hopkins University
Press, Baltimore

5  Arguments

1: UPLO — CHARACTER(1) Input
On entry: indicates whether B is upper or lower bidiagonal.

UPLO ="'U'
B is upper bidiagonal.
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UPLO ='TL'
B is lower bidiagonal.

Constraint: UPLO ='U" or 'L".

2: COMPQ - CHARACTER(1) Input
On entry: specifies whether singular vectors are to be computed.
COMPQ ="N'
Compute singular values only.
COMPQ ="P'
Compute singular values and compute singular vectors in compact form.
cCoMPQ =T

Compute singular values and singular vectors.

Constraint.: COMPQ ='N', 'P' or 'T"

3: N — INTEGER Input
On entry: n, the order of the matrix B.

Constraint: N > 0.

4: D(x) — REAL (KIND=nag_wp) array Input/Output
Note: the dimension of the array D must be at least max(1,N).
On entry: the n diagonal elements of the bidiagonal matrix B.

On exit: if INFO = 0, the singular values of B.

5: E(x) — REAL (KIND=nag_wp) array Input/Output
Note: the dimension of the array E must be at least max(1,N — 1).
On entry: the (n — 1) off-diagonal elements of the bidiagonal matrix B.

On exit: the contents of E are destroyed.

6: U(LDU, x) — REAL (KIND=nag_wp) array Output

Note: the second dimension of the array U must be at least max(1,N) if COMPQ ="'T', and at
least 1 otherwise.

On exit: if COMPQ =T, then if INFO = 0, U contains the left singular vectors of the bidiagonal
matrix B.

If COMPQ #'T, U is not referenced.

7: LDU - INTEGER Input

On entry: the first dimension of the array U as declared in the (sub)program from which
FOSMDF (DBDSDC) is called.

Constraints:
if COMPQ ='T', LDU > max(1,N);
otherwise LDU > 1.
8: VT(LDVT, x) — REAL (KIND=nag_wp) array Output

Note: the second dimension of the array VT must be at least max(1,N) if COMPQ ='I', and at
least 1 otherwise.

On exit: if COMPQ ="'I', then if INFO = 0, the rows of VT contain the right singular vectors of
the bidiagonal matrix B.
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If COMPQ #'T', VT is not referenced.

9: LDVT — INTEGER Input
On entry: the first dimension of the array VT as declared in the (sub)program from which
FOSMDF (DBDSDC) is called.

Constraints:
if COMPQ ="'T', LDVT > max(1,N);
otherwise LDVT > 1.

10 Q(x) — REAL (KIND=nag_wp) array Output
Note: the dimension of the array Q must be at least max(l,N2 + 5N, ldq).

On exit: if COMPQ = 'P', then if INFO = 0, Q and IQ contain the left and right singular vectors
in a compact form, requiring O(Nlog, N) space instead of 2 x NZ. In particular, Q contains all the
real data in the first ldg = N x (11 4 2 x smlisiz + 8 x int(log, (N/(smlsiz + 1)))) elements of Q,
where smlsiz is equal to the maximum size of the subproblems at the bottom of the computation
tree (usually about 25).

If COMPQ # 'P', Q is not referenced.

11:  1Q(x) — INTEGER array Output
Note: the dimension of the array 1Q must be at least max(1, ldiq).

On exit: if COMPQ = 'P', then if INFO = 0, Q and IQ contain the left and right singular vectors
in a compact form, requiring O(Nlog, N) space instead of 2 x N2, In particular, IQ contains all
integer data in the first Idig = N x (3 4+ 3 x int(log, (N/(smlsiz+ 1)))) elements of 1Q, where
smlsiz is equal to the maximum size of the subproblems at the bottom of the computation tree
(usually about 25).

If COMPQ #'P', 1Q is not referenced.

122 WORK(*) — REAL (KIND=nag_wp) array Workspace
Note: the dimension of the array WORK must be at least max(1,6 x N —2) if COMPQ ='N/,
max(1,6 x N) if COMPQ ='P', max(1,3 x N? 44 x N) if COMPQ ='T", and at least 1
otherwise.

13:  IWORK(8 x N) — INTEGER array Workspace

14:  INFO — INTEGER Output
On exit: INFO = 0 unless the routine detects an error (see Section 6).

6  Error Indicators and Warnings

INFO < 0
If INFO = —1, argument ¢ had an illegal value. An explanatory message is output, and execution
of the program is terminated.

INFO >0

The algorithm failed to compute a singular value. The update process of divide-and-conquer
failed.
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7  Accuracy

Each computed singular value of B is accurate to nearly full relative precision, no matter how tiny the
singular value. The ith computed singular value, §;, satisfies the bound

[8; — si| < p(n)es;
where € is the machine precision and p(n) is a modest function of n.

For bounds on the computed singular values, see Section 4.9.1 of Anderson et al. (1999). See also
FOSFLF (DDISNA).

8 Parallelism and Performance

FOSMDF (DBDSDC) is threaded by NAG for parallel execution in multithreaded implementations of
the NAG Library.

FOSMDF (DBDSDC) makes calls to BLAS and/or LAPACK routines, which may be threaded within
the vendor library used by this implementation. Consult the documentation for the vendor library for
further information.

Please consult the X06 Chapter Introduction for information on how to control and interrogate the
OpenMP environment used within this routine. Please also consult the Users' Note for your
implementation for any additional implementation-specific information.

9 Further Comments

If only singular values are required, the total number of floating-point operations is approximately
proportional to n2. When singular vectors are required the number of operations is bounded above by
approximately the same number of operations as FOSMEF (DBDSQR), but for large matrices FOSMDF
(DBDSDC) is usually much faster.

There is no complex analogue of FOSMDF (DBDSDC).

10 Example
This example computes the singular value decomposition of the upper bidiagonal matrix
3.62 1.26 0 0
B— 0 —-241 -153 0
{0 0 1.92 1.19
0 0 0 —1.43

10.1 Program Text
Program f08mdfe
! FO8BMDF Example Program Text
! Mark 26 Release. NAG Copyright 2016.
! .. Use Statements ..
Use nag_library, Only: dbdsdc, nag_wp

! .. Implicit None Statement ..
Implicit None

! .. Parameters ..
Integer, Parameter :: nin = 5, nout = 6
! .. Local Scalars ..
Integer :: info, 1ldb, 1ldu, 1ldvt, n
! .. Local Arrays ..
Real (Kind=nag_wp), Allocatable =:: b(:,:), d(:), e(:), ul:,:), vt(:,:), &
work (:)
Real (Kind=nag_wp) :: g(l)
Integer :: 1g(1)
Integer, Allocatable :: iwork(:)
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! .. Executable Statements
Write (nout,*) ’'FO8MDF Example Program Results’
Write (nout,*)
Flush (nout)
! Skip heading in data file
Read (nin,*)
Read (nin,*) n

1db = n

1du = n

ldvt = n

Allocate (b(1ldb,n),d(n),e(n-1),u(ldu,n),vt(1ldvt,n),work(n* (3*n+ &

4)) ,iwork(8*n))

! Read the bidiagonal matrix B from data file, first
! the diagonal elements, and then the off diagonal elements

Read (nin,*) d(1l:n)
Read (nin,*) e(l:n-1)

! Calculate the singular values and left and right singular
! vectors of B.

! The NAG name equivalent of dbdsdc is f08mdf
Call dbdsdc(’Upper’,’I’,n,d,e,u,1ldu,vt,ldvt,q,iq,work,iwork,info)

If (info==0) Then
! Print the singular values of B.

Write (nout,*) ’‘Singular values of B:’

Write (nout,99999) d(1l:n)
Else

Write (nout,99998) ’'** FO8MDF/DBDSDC failed with INFO = ’, info
End If

99999 Format (1X,4(3X,F11.4))

99998 Format (1X,A,I10)
End Program fO8mdfe

10.2 Program Data

FO8MDF Example Program Data
4 :Value of N

3.62 =2.41 1.92 =-1.43 :End of diagonal elements
1.26 -1.53 1.19 :End of off-diagonal elements

10.3 Program Results

FO8BMDF Example Program Results

Singular values of B:
4.0001 3.0006 1.9960 0.9998

Mark 26 FOSMDEF.5 (last)



	F08MDF (DBDSDC)
	1 Purpose
	2 Specification
	3 Description
	4 References
	Anderson et al. (1999)
	Golub and Van Loan (1996)

	5 Arguments
	UPLO
	COMPQ
	N
	D
	E
	U
	LDU
	VT
	LDVT
	Q
	IQ
	WORK
	IWORK
	INFO

	6 Error Indicators and Warnings
	INFO<0
	INFO>0

	7 Accuracy
	8 Parallelism and Performance
	9 Further Comments
	10 Example
	10.1 Program Text
	10.2 Program Data
	10.3 Program Results


	NAG Fortran Library Manual, Mark 26
	Copyright Statement
	Foreword
	Introduction
	How to Use the NAG Library and its Documentation
	Mark 26 NAG Fortran Library News
	Implementation-specific Details for Users
	Advice on Replacement Calls for Withdrawn/Superseded Routines
	Code Contributors
	Support from NAG
	Index

	Chapters of the Library
	A00 - Library Identification
	A00 Chapter Contents
	A00 Chapter Introduction

	A02 - Complex Arithmetic
	A02 Chapter Contents
	A02 Chapter Introduction

	C02 - Zeros of Polynomials
	C02 Chapter Contents
	C02 Chapter Introduction

	C05 - Roots of One or More Transcendental Equations
	C05 Chapter Contents
	C05 Chapter Introduction

	C06 - Summation of Series
	C06 Chapter Contents
	C06 Chapter Introduction

	C09 - Wavelet Transforms
	C09 Chapter Contents
	C09 Chapter Introduction

	D01 - Quadrature
	D01 Chapter Contents
	D01 Chapter Introduction

	D02 - Ordinary Differential Equations
	D02 Chapter Contents
	D02 Chapter Introduction
	D02M-N Sub-chapter Introduction

	D03 - Partial Differential Equations
	D03 Chapter Contents
	D03 Chapter Introduction

	D04 - Numerical Differentiation
	D04 Chapter Contents
	D04 Chapter Introduction

	D05 - Integral Equations
	D05 Chapter Contents
	D05 Chapter Introduction

	D06 - Mesh Generation
	D06 Chapter Contents
	D06 Chapter Introduction

	E01 - Interpolation
	E01 Chapter Contents
	E01 Chapter Introduction

	E02 - Curve and Surface Fitting
	E02 Chapter Contents
	E02 Chapter Introduction

	E04 - Minimizing or Maximizing a Function
	E04 Chapter Contents
	E04 Chapter Introduction

	E05 - Global Optimization of a Function
	E05 Chapter Contents
	E05 Chapter Introduction

	F - Linear Algebra
	F Chapter Contents
	F Chapter Introduction

	F01 - Matrix Operations, Including Inversion
	F01 Chapter Contents
	F01 Chapter Introduction

	F02 - Eigenvalues and Eigenvectors
	F02 Chapter Contents
	F02 Chapter Introduction

	F03 - Determinants
	F03 Chapter Contents
	F03 Chapter Introduction

	F04 - Simultaneous Linear Equations
	F04 Chapter Contents
	F04 Chapter Introduction

	F05 - Orthogonalization
	F05 Chapter Contents
	F05 Chapter Introduction

	F06 - Linear Algebra Support Routines
	F06 Chapter Contents
	F06 Chapter Introduction

	F07 - Linear Equations (LAPACK)
	F07 Chapter Contents
	F07 Chapter Introduction

	F08 - Least Squares and Eigenvalue Problems (LAPACK)
	F08 Chapter Contents
	F08 Chapter Introduction

	F11 - Large Scale Linear Systems
	F11 Chapter Contents
	F11 Chapter Introduction

	F12 - Large Scale Eigenproblems
	F12 Chapter Contents
	F12 Chapter Introduction

	F16 - Further Linear Algebra Support Routines
	F16 Chapter Contents
	F16 Chapter Introduction

	G01 - Simple Calculations on Statistical Data
	G01 Chapter Contents
	G01 Chapter Introduction

	G02 - Correlation and Regression Analysis
	G02 Chapter Contents
	G02 Chapter Introduction

	G03 - Multivariate Methods
	G03 Chapter Contents
	G03 Chapter Introduction

	G04 - Analysis of Variance
	G04 Chapter Contents
	G04 Chapter Introduction

	G05 - Random Number Generators
	G05 Chapter Contents
	G05 Chapter Introduction

	G07 - Univariate Estimation
	G07 Chapter Contents
	G07 Chapter Introduction

	G08 - Nonparametric Statistics
	G08 Chapter Contents
	G08 Chapter Introduction

	G10 - Smoothing in Statistics
	G10 Chapter Contents
	G10 Chapter Introduction

	G11 - Contingency Table Analysis
	G11 Chapter Contents
	G11 Chapter Introduction

	G12 - Survival Analysis
	G12 Chapter Contents
	G12 Chapter Introduction

	G13 - Time Series Analysis
	G13 Chapter Contents
	G13 Chapter Introduction

	H - Operations Research
	H Chapter Contents
	H Chapter Introduction

	M01 - Sorting and Searching
	M01 Chapter Contents
	M01 Chapter Introduction

	S - Approximations of Special Functions
	S Chapter Contents
	S Chapter Introduction

	X01 - Mathematical Constants
	X01 Chapter Contents
	X01 Chapter Introduction

	X02 - Machine Constants
	X02 Chapter Contents
	X02 Chapter Introduction

	X03 - Inner Products
	X03 Chapter Contents
	X03 Chapter Introduction

	X04 - Input/Output Utilities
	X04 Chapter Contents
	X04 Chapter Introduction

	X05 - Date and Time Utilities
	X05 Chapter Contents
	X05 Chapter Introduction

	X06 - OpenMP Utilities
	X06 Chapter Contents
	X06 Chapter Introduction

	X07 - IEEE Arithmetic
	X07 Chapter Contents
	X07 Chapter Introduction




